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Abstract 

The present invention relates to a structure of a metal contact of a 
semiconductor device and a method for forming the same. In particular, this 
invention relates to a structure of a metal contact of a semiconductor device and 
the method for forming the same, which is suitable to produce a high-integrated 
semiconductor device having a micro contact by using a barrier metal in the 
contact. 

The method of the present invention comprises steps of: 

a) forming a contact hole penetrating an insulating film on a semiconductor 
substrate and forming an impurity region to be connected to the metal under the 
contact hole; 

b) depositing a barrier metal on a front surface by sputtering with metal, of which 
oxide also has conductivity; 

c) forming the silicide barrier metal by annealing and simultaneously forming a 
conductive oxide film by oxidizing the barrier metal; 

d) forming a wiring pattern by depositing the metal to be a wire. 
The structure of the present invention comprising: 

a semiconductor substrate having an impurity diffusion region to be connected to 
a metal wire; 

an insulating film, which is formed on the semiconductor substrate and which has 
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an open cxjotact hole on the upper portion of the impurity diffusion region; 
a silicide barrier metal formed on the impurity diffusion region; 

a conductive oxide of the barrier metal formed on the surface of the silicide and 
semiconductor substrate; and 

a metal wire formed on the conductive oxide of the barrier metal. 



Detailed description 

[Title of the Invention] 

Structure of a metal contact of a semiconductor device and a method for forming 
the same 

[Brief Explanation of Drawings] 

Fig. 1 is a flow chart of metal wire according to the prior technology. 
Fig. 2 is a flow chart of metal wire regarding main features. 

Explanation of Reference Numerals for Main Features of Drawings 

10, 20: semiconductor substrate 

11, 21: insulating film 

12, 22: photoregister 

13, 23: impurity region 

14, 24: impurity Ion implantation 

15, 25: impurity diffusion region 
16: silicide (TiSia ) 

26: silicide (RuSis ) 

17: Titanium/titanium nitride Ol/TiN) 

27: ruthenium 

18, 28: metal wire 
30: conducting oxide 

19, 29: upper antireflection film 



[Detailed Description of the Invention] 
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The present invention relates to a structure of a metal cxjntact of a 
semiconductor device and a method for forming the same. In particular, this 
invention relates to a structure of a metal contact of a semiconductor device and 
the method for forming the same, which is suitable to produce a high-integrated 
semiconductor device having a micro contact by using a barrier metal In the 
contact. 

When Al-Si alloy wire is used in the semiconductor device as a metal wire. Si in 
the Al-Si alloy wire is extracted at the contact bottom, making the substantial 
contact area smaller between Al wire and the diffusion layer. Also, the contact 
resistance, which increases by the extracted silicon, causes the inferior contact, 
and the contact resistance increases due to the decrease of the contact area in 
a high-integrated semiconductor device. Regarding the contact area, as the 
contact resistance is increased times, the current density gets bigger K times. 
As a consequence, the wire credibility decreases. Also, regarding the wire, the 
increase of K times resistance causes the Increase of the K times current 
density, so it brings the decrease of credibility. 

As a method of preventing the creation of silicon at the contact bottom, pure 
aluminization, which uses pure aluminum as a metal wire was used. However, 
although the pure aluminization could prevent the silicon extraction in the 
interface, it causes inferior junction in the contacting area due to the junction 
spike. 

Therefore, the junction in the contact area became better by using a barrier 
metal between the metal wire and the semiconductor substrate, and a process of 
forming silicide at the contact part has been developed in order to decrease the 
resistance in the contact area itself. To achieve the purpose, titanium having a 
good electric resistance of metal and silicide has been used. 

However, the silicide formed by heat treating titanium cannot solve the problem 
of increased contact resistance by impurity in the aluminum and metal silicide 
interface, especially natural oxide film(Ti02 ). which is made by oxidized TiSis . 
Also, since the metal silicide cannot play the role as a diffusion preventive layer 
of silicon atom, it cannot solve the electromigration at the metal wire layer or the 
aluminum junction spike which is caused because silicon atom passes through 
the silicide layer. 

Therefore, in order to solve the problem that atom Si passes through TlSis and 
is diffused to Al wire during the above process having TiSi^ as silicide, a 
technology having a structure of AI-TiN-TiSis . which makes TIN layer as a 
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barrier metal between the wire and the metal silicide layer, has been developed. 

Fig, 1 is a flow chart of metal wire according to the prior technology. 

In the semiconductor device which previously used Ti/TiN as a barrier metal, the 
process of forming a metal wire connecting the contact area and the device is 
explained as follows referring to Fig. 1. 

Firstly, like Fig. (a), the insulator film(11) is formed by depositing a thick oxide 
film by chemical vapor deposition (CVD) on the semiconductor substrate(IO). a 
photoregister{12) is applied onto it, and the contact area between the metal 
wire(18) and the semiconductor substrate(IO) is defined by photo etching process- 
Then, like Fig. (b), a contact hole is formed by dry-etching the insulator film of 
the contact part. Then, ion implantation process is carried out with arsenic (As) 
ion in order to make the contact junction at the open contact part. 

Then, titanium/titanium nitride(17) are deposited in serial by sputtering on 
ion-implanted semiconductor substrate, and the annealing in ammonia gas 
atmosphere is carried out in RTP (Rapid Thermal Processing) device. 

As a result of the process, titanium at the contact region forms silicide(TiSi2 16) 
by reacting with silicon atom of the semiconductor substrate, and the arsenic 
ion(As+), which is Implanted to the semiconductor substrate forms the impurities 
diffusion region{15) through annealing. 

When the process is completed, aluminum(18) which becomes wire material is 
deposited by re-sputtering; titanium nitride is deposited thereon; an upper 
antireflection film(19) is formed; and wire is completed as Fig. (c) by photo 
etching process. 

By the prior technology, the technology of AI-TiN-TISi2 structure forming a TIN 
layer as a barrier metal between the wire and the silicide layer can solve the 
problem that the atom is diffused into Al wire. However, there are problems that 
the process of sputtering is added in order to form TiN layer; the contact 
resistance at the interface between TiN and TiSiz is increased because the oxide 
film is formed at the interface due to the oxidation of TiSiz when the silicide, 
TiSi2 is exposed to air; and peeling is created when the annealing is insufficient. 

The present invention is to provide a structure of a metal contact of a 
semiconductor device and the method for forming the same, wherein the contact 
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resistance in the contact area is decreased by using a metal(e,g. Ru) of which 
oxide has conductivity at the aluminum bottom, the main wire material; silicide is 
formed more easily than titanium; and the conducting oxide of ruthenium{Ru). 
which is easier for etching compared with metal, is formed to decrease the 
resistance of the contact part. 

The method of the present invention comprises steps of a) forming a contact 
hole penetrating an insulating film on a semiconductor substrate and forming an 
impurity region to be connected to the metal under the contact hole; b) 
depositing a barrier metal on a front surface by sputtering with metal, of which 
oxide also has conductivity; c) forming the silicide barrier metal by annealing and 
simuhaneously forming a conductive oxide film by oxidizing the barrier metal; and 
d) forming a wiring pattern by depositing the metal to be a wire. 

The structure of the invention comprises a semiconductor substrate having an 
impurity diffusion region to be connected to a metal wire; an insulating film, 
which is formed on the semiconductor substrate and which has an open contact 
hole on the upper portion of the impurity diffusion region; a silicide barrier metal 
formed on the impurity diffusion region; a conductive oxide of the barrier metal 
formed on the surface of the silicide and semiconductor substrate; and a metal 
wire formed on the conductive oxide of the barrier metal. 

The barrier metal is made of ruthenium(Ru), the silicide is RuSia , and the 
conducting oxide is RuOa . 

The recommended embodiment of forming method of the contact part according 
to the present invention is detailedly explained referring to Fig, 2 as follows. 

Fig. 2 is a metal wire process according to the present invention. The insulator 
film(21) is formed by depositing a thick oxide film by chemical vapor 
deposition(CVD) on the semiconductor substrate(20) like Fig. (a), a 
photoregister(22) is applied onto it, and photo etching process defines the parts 
of the metal wire(28) and the semiconductor substrate(20). 

Then, like the following Fig. (b), the insulator film(21) of the contact part is 
etched by dry etching, making the contact hole, and impurity ton implantation(24) 
process is carried out with arsenic (As) ion in order to make the contact junction 
in the open contact area. 

Then, like Fig. (c), ruthenium(Ru) as the barrier metal is deposited ruthenium(Ru) 
by sputtering on the ion-implanted semiconductor substrate. 
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Then, like Fig. (D). the annealing is carried out with a temperature of 400 ^'C to 
800 ''C while maintaining the oxygen(02 ) gas atmosphere in RTP (Rapid 
Thermal Processing) device. 

If the annealing is carried out in the oxygen atmosphere, ruthenium silicide(26) is 
made in the contact area, and at the same time, Ru-RuOs (30) is made by 
oxidizing the deposited ruthenium(Ru) on the insulator film. 

Since the oxidized ruthenium (RuO^ ), which is an oxide of ruthenium(Ru), has 
conductivity, the resistance is not increased even after forming an oxide film 
while being exposed to the air. 

Therefore, in order to form sllicide, the annealing is carried out in the oxygen 
gas atmosphere, and at the same time, the barrier metal is oxidized, forming a 
stable film both in the contact area and the insulator film. 

When the process is completed, aluminum(28) which is material for wire is 
deposited by re-sputtering as Fig. (e), titanium nitride is deposited thereon, and 
an upper antireflection film(29) is made. 

The present invention decreased the contact resistance by using ruthenium(Ru) at 
the bottom of aluminum, which is material for main wire. 

Since the specific resistance of titanium(Tl) is AO^Scm and the specific 
resistance of ruthenium is 8 m jCcm, it has a working effect of decreasing the 
resistance. 

Since the heat of formation per atom at the time of forming RuSis is smaller 
than TiSia used for the lower Al, it can easily form the metal silicide. 

Also, oxide has an advantage that the etching is easier compared with metal. 

Like above, the two steps of processes of depositing ruthenium(Ru), and forming 
ruthenium silicide and at the same time oxidizing a barrier metal have an effect 
of decreasing the process steps compared with the three steps of processes of 
depositing existing Ti and TiN in serial, and annealing, to form a titanium silicide. 

[What is claimed is] 

Claim 1 



- 6 - 



2004^J 7I22°J 2:15PM kt 



No. 5399 P. 8 



A method of forming a metal wire of a semiconductor device comprising steps of 
a) forming a contact hole penetrating an insulating film on a semiconductor 
substrate and forming an impurity region to be connected to the metal under the 
contact hole; b) depositing a bamer metal on a front surface by sputtering with 
metal, of which oxide also has conductivity; c) forming the silicide barrier metal 
by annealing and simultaneously forming a conductive oxide film by oxidizing the 
barrier metal; and d) forming a wiring pattern by depositing the metal to be a 
wire. 

Claim 2 

The method as claimed in claim 1, wherein the barrier metal is riJthenium(Ru), 
its silicide is RuSiz , and the conductive oxide is RuO^ . 

Claim 3 

The method as claimed in claim 1» wherein the annealing of the step c) is 
processed with heat treatment in the oxygen gas atmosphere. 

Claim 4 

The method as claimed in claim 1, wherein the heat treatment temperature of the 
c) step annealing is from 400 ''C to 800 X. 

Claim 5 

A structure of the metal contact area of a semiconductor device comprising a 
semiconductor substrate having an impurity diffusion region to be connected to a 
metal wire; an insulating film, which is formed on the semiconductor substrate 
and which has an open contact hole on the upper portion of the impurity 
diffusion region; a silicide barrier metal formed on the impurity diffusion region; a 
conductive oxide of the barrier metal formed on the surface of the silicide and 
semiconductor substrate; and a metal wire formed on the conductive oxide of the 
barrier metal. 

Claim 6 

The structure of the metal contact area of a semiconductor device as claimed in 
claim 5, wherein the barrier metal is Ru, its silicide RuSis , and the conductive 
oxide is RuOs . 
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